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Abstract 

Immunohistochemical  detection  of  mediators  of  inflammation,  such  as  P-Selectin,  has  been  proposed  to  assess  vitality  of  wounds. 
Forty-five  incised  cutaneous  wounds  (24  vital,  14  post-mortem,  seven  with  induced  autolysis/putrefaction)  were  immunostained  with 
antibodies  against  P-Selectin  and  CD31.  The  percentage  of  stained  lumina  for  P-Selectin  out  of  the  total  of  CD31  positive  vessels 
(P-S/CD31  index)  was  calculated  at  both  edges  of  every  specimen.  In  vital  samples,  the  P-S/CD31  index  ranged  from  10.7%  to  71.4% 
at  the  wound  edge,  and  was  12.5-58.8%  for  the  opposite  margin,  with  a  ratio  between  both  indices  of  0.37-1.77  (mean:  0.94).  In 
post-mortem  cases,  the  index  ranged  from  22.5%  to  69.2%  at  the  wound  edge,  and  was  28-89.5%  at  the  opposite  margin,  with  a  ratio 
between  both  indices  of  0.76-1.9  (mean:  0.96).  Differences  between  ratios  were  not  statistically  significant  and  thus  precluded  any  assess¬ 
ment  of  vitality.  The  analysis  of  P-Selectin/CD31  immunoreactivity  in  skin  wounds  was  not  useful  for  the  diagnosis  of  vitality  when 
evaluating  both  edges  for  each  specimen.  Moreover,  P-Selectin  has  been  detected  in  post-mortem  injuries  and  it  is  not  specific  to  vital 
injuries.  Microscopic  evaluation  becomes  difficult  after  autolysis/putrefaction. 

©  2008  Elsevier  Ltd  and  FFLM.  All  rights  reserved. 
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1.  Introduction 

The  determination  of  the  vitality  of  skin  wounds  consti¬ 
tutes  a  common  problem  for  the  forensic  pathologist.  Dif¬ 
ferential  diagnosis  between  vital  and  post-mortem  wounds 
is  based  upon  gross  and  routine  histological  studies,  com¬ 
plemented  by  selected  ancillary  techniques  such  as  bio- 

•  1  O 

chemical  methods  and  immunohistochemistry.  5 
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The  assessment  of  vitality  becomes  especially  difficult 
when  the  injury  was  inflicted  very  close  to  the  time  of 
death.  The  immunohistochemical  analysis  of  factors  that 
mediate  initial  events  of  the  inflammatory  reaction  might 
be  useful  on  such  purpose. 

Fibronectin  and  P-Selectin  are  worthy  of  note  and  have 
been  proposed  as  extremely  early  immunohistochemical 
markers  of  vitality  in  skin  injuries.4  7 

Fibronectin  is  an  extra-cellular  matrix  glycoprotein  that 
rapidly  accumulates  in  the  dermis  soon  after  the  injury  and 
probably  derived  from  damaged  blood  vessels.8  The  over¬ 
expression  of  fibronectin  has  been  described  in  vital 
wounds  aged  as  little  as  a  few  minutes.5,6  However,  the  sen¬ 
sitivity  as  well  as  the  specificity  of  this  marker  has  been 
questioned  in  some  reports.8  10 

P-Selectin  is  a  140  kDa  transmembrane  glycoprotein 
present  in  megakaryocytes,  activated  platelets  and  activated 
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endothelial  cells.  In  non  stimulated  platelets  and  endothe¬ 
lial  cells,  it  is  stored  in  the  membranes  of  secretory  granules 
(classically  named  Weibel-Palade’s  bodies  in  the  endothe¬ 
lium),  and  they  are  not  detected  on  the  cell  surface.  When 
platelets  or  the  endothelium  are  activated,  the  granules  fuse 
with  the  cellular  membrane  and  P-Selectin  is  expressed  on 
the  surface.  ~  P-Selectin  contributes  to  promote  leuko¬ 
cyte  rolling,  which  is  one  of  the  first  cellular  events  in  an 
inflammatory  reaction.14,15 

To  the  best  of  our  knowledge,  few  papers  have 
researched  the  value  of  P-Selectin  as  a  marker  of  vitality, 
and  those  that  did  compared  wound  specimens  with  con- 

n  i  /: 

trol  samples  obtained  from  the  same  bodies.  ’  We  have 
used  a  different  approach  analysing  specifically  wound 
specimens  and  not  undamaged  skin. 

Our  objective  has  been  to  investigate  the  expression  of 
P-Selectin  in  single  vital  and  post-mortem  wounds  in  order 
to  evaluate  the  sensitivity  and  specificity  of  this  method  to 
assess  vitality. 

2.  Methods 

The  study  comprised  45  samples  from  human  incised 
cutaneous  wounds: 

•  Twenty-four  vital  injuries,  obtained  from  surgical  inci¬ 
sions  in  13  men  and  11  women  with  an  average  age  of 
57.1  years  (range:  35-76).  The  resulting  wounds  were 
aged  from  10  to  260  min  (mean:  116.1). 

•  Fourteen  post-mortem  samples,  obtained  from  autopsy 
abdominal  incisions  in  nine  men  and  five  women  aged 
31-82  years  (mean:  58.7).  The  time  between  death  and 
necropsy  was  1.5  to  16  h  (mean:  6),  during  which  time 
corpses  were  maintained  under  refrigeration.  The 
wounds  were  collected  from  the  bodies  at  15-180  min 
post-infliction  (mean:  97.8). 

•  Seven  samples  with  an  induced  artifact  of  delayed  fixa¬ 
tion:  these  were  left  at  room  temperature  in  a  saline 
solution  for  1-63  days  (mean:  25.3)  before  being  fixed. 

Injuries  had  been  inflicted  with  a  scalpel  to  a  dept  of 
1.5  cm  in  the  abdominal  skin.  Transversal  sections  were 
taken  from  the  wounds,  marking  the  non-wound  edge  with 
ink. 

Specimens  were  routinely  fixed  in  4%  formaldehyde  and 
embedded  in  paraffin.  Sections  were  immunostained  fol¬ 
lowing  the  labeled  strep tavidin-biotin  technique  (LSAB2, 
Dako,  Glostrup,  Denmark).  Antigen  retrieval  was  per¬ 
formed  by  heating  in  10  mmol/1,  pH  6.0  citrate  buffer  in 
a  pressure  cooker.  Sections  were  incubated  with  monoclo¬ 
nal  antibodies  against  P-Selectin  (clone  1E3,  1:100,  Dako, 
Glostrup,  Denmark)  and  CD31  (a  marker  of  endothelial 
cells)  (clone  JC70A,  1:60,  Dako,  Glostrup,  Denmark). 
The  development  was  carried  out  using  diaminobenzidine 
and  3%  hydrogen  peroxide.  Slides  were  evaluated  by  light 
microscopy.  The  percentage  of  stained  lumina  for  P-Selec¬ 
tin  out  of  a  total  of  CD31  positive  vessels  (P-S/CD31 


index)  was  calculated  at  both  edges  in  every  specimen, 
under  X200  magnification  using  a  BX40  Olympus  micro¬ 
scope  (Tokyo,  Japan).  The  ratio  between  both  indices 
(injury  and  opposite  edge)  was  calculated  for  every 
specimen. 

Statistical  analysis  was  performed  using  the  independent 
samples  <test  by  the  Sigma  Stat  Program  (SPSS).  A 
P  value  of  <0.05  was  considered  statistically  significant. 

3.  Results 

All  endothelial  cells  showed  reactivity  for  CD31  (Fig.  1). 
A  variable  number  of  capillaries  also  stained  for  P-Selectin 
in  all  of  the  samples  (Figs.  2  and  3). 

P-S/CD31  index  showed  a  great  variation  both  at  the 
wound  edge  and  at  the  opposite  margin  in  vital  and  post- 


Fig.  1.  CD31:  endothelial  cells  of  dermal  capillaries  are  positive  (Imm- 
unoperoxidase,  x200). 


Fig.  2.  P-Selectin:  positive  reaction  of  small  blood  vessels  adjacent  to  vital 
wound  edge  (Immunoperoxidase,  xlOO). 
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Fig.  3.  P-Selectin:  endothelial  staining  in  a  post-mortem  injury  (Immun- 
operoxidase,  x600). 


Table  1 

P-S/CD31  index  (%) 


Vital  samples 

Post-mortem  cases 

Wound  edge 

10.7-71.4 

22.5-69.2 

Opposite  margin 

12.5-58.8 

28-89.5 

Ratio  between  both  borders 

0.37-1.77 

0.76-1.9 

(mean:  0.94) 

(mean:  0.96) 

Percentage  of  stained  lumina  for  P-Selectin  out  of  the  total  of  CD31 
positive  vessels. 


mortem  cases  (Table  1).  No  statistically  significant  differ¬ 
ences  were  found  (p  =  0.38)  (Table  1)  when  the  ratio  of 
both  indices  (injury/opposite  margin)  was  determined  for 
vital  and  post-mortem  groups. 


Fig.  4.  P-Selectin  in  a  specimen  with  autolysis/putrefaction:  positive  vessel 
in  tissue  with  severe  artifact  (Immunoperoxidase,  x400). 


Immunoreactivity  for  P-Selectin  and  CD31  persisted  in 
the  seven  samples  with  a  delayed  fixation,  but  the  staining 
was  weak  and  showed  background  artifact  (four  cases)  and 
considerable  disruption  of  tissues  (100%)  (Fig.  4). 

4.  Discussion 

The  diagnosis  of  vitality  of  wounds  is  one  of  the  central 
issues  in  daily  forensic  practice,  in  particular  with  regard  to 
the  differentiation  between  wounds  inflicted  shortly  before 
and  shortly  after  death.  Post-mortem  injuries  can  occur 
accidentally  (during  handling  of  the  corpse,  in  the  nec¬ 
ropsy,  or  caused  by  animals)  but  can  also  be  intentional: 
trying  to  hide  or  suggest  a  crime,  to  simulate  an  accident 
or  a  suicide,  or  to  occult  the  identity  of  a  corpse.18  Immu- 
nohistochemical  analysis  of  a  variety  of  tissular  substruc¬ 
tures,  such  as  adhesion  molecules,  is  considered  the 
method  of  choice  in  modern  investigations  on  vitality  and 
wound  age. 

Selectins  are  a  family  of  cell-cell  adhesion  proteins 
involved  in  leukocyte-endothelial  interactions.  This  group 
includes  L-Selectin  (also  designated  CD62L),  E-Selectin 
(ELAM-1:  endothelial  leukocyte  adhesion  molecule- 1,  or 
CD62E),  and  P-Selectin  (PADGEM:  platelet  activation- 
dependent  granule  membrane  protein,  or  GMP-140:  gran¬ 
ular  membrane  protein- 140,  or  CD62P).19  Selectins  initiate 
the  rolling  and,  later,  adhesion  of  leukocytes  to  the  acti¬ 
vated  endothelium  of  microvasculature.7,15,19  Endothelial 
P-Selectin  acts  as  a  receptor  for  neutrophils  and  mono¬ 
cytes,  and  its  major  ligand  in  polymorphonuclear  leuko¬ 
cytes  is  PSGL-1  (P-Selectin  Glycoprotein  Ligand  1),  also 
designated  as  CD  162. 14 

As  selectins  are  proteins  involved  in  the  early  stages  of 
the  inflammatory  process,  their  immunohistochemical 
analysis  attracted  the  attention  of  Forensic  Pathology, 
initially  in  the  lung.  Overexpression  of  P-Selectin  has 
been  observed  in  lungs  after  rapid  death  from  hanging 
or  intoxications,  whereas  a  decrease  of  staining  was 
found  in  cases  of  protracted  death,  such  as  pneumonia 
and  sepsis.20  Overexpression  of  E-Selectin  could  be 
found  in  lungs  of  patients  with  sepsis  but  not  in  those 
involving  other  causes  of  lung  injury  or  other  causes  of 
death.21 

A  few  reports  on  the  use  of  immunohistochemistry  to 
study  these  three  selectins  in  cutaneous  wounds  have  eval¬ 
uated  the  percentage  of  positive  vessels.  Dressier  et  al. 
reported  an  overexpression  of  P-  and  E-Selectins  in  vital 
injuries,  comparing  some  of  the  specimens  with  samples 
of  intact  skin  from  the  same  bodies,  and  found  that  90% 

nix 

of  the  post-mortem  induced  wounds  were  negative.  ’  A 
positive  reaction  was  observed  for  P-Selectin  after  3  min 
at  the  earliest  age  and  7  h  at  the  latest.  For  E-Selectin, 
the  reaction  times  were  at  1  h  and  17  days,  respectively. 
The  staining  decreased  after  an  interval  of  12  h  post-inflic- 

nix 

tion.  L-Selectin  was  only  detected  in  leukocytes.  ’ 

The  evaluation  of  P-Selectin  estimated  the  number  of 
positive  vessels  from  a  total  of  CD31  positive  ones,  and  this 
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ratio  P-S/CD31  may  be  considered  an  index  of  endothelial 
activation. 

In  our  series,  the  determination  of  this  index  has  given 
widely  variable  results,  both  at  the  wound  edge  as  well  as 
at  the  opposite  side.  This  fact  seems  unrelated  to  the  age 
of  the  wound,  and  probably  reflects  the  influence  of 
unknown  variables  such  as  local  tissue  factors  among 
others. 

The  comparison  of  immunoreactivity  between  both  bor¬ 
ders  of  a  wound  has  proven  useful  for  other  early  markers 
of  vitality,  such  as  fibronectin.  A  stained  network  extend¬ 
ing  from  the  wound  edge  to  the  adjacent  dermis  was 
observed  in  vital  injuries  when  they  were  immunostained 
for  fibronectin,  whereas  the  opposite  margin  is  nega¬ 
tive.5,6,9,10  With  regard  to  P-Selectin,  a  comparison  of  the 
P-S/CD31  index  between  both  edges  of  each  specimen  in 
vital  and  post-mortem  wounds  revealed  no  significant  dif¬ 
ferences.  The  amount  of  tissue  evaluated  for  each  edge 
was  possibly  too  little  (approximately  1.1  mm  from  the 
border  into  the  adjacent  dermis),  or  perhaps  the  method 
of  evaluation  was  too  subjective.  We  have  used  single 
wound  specimens  in  order  to  simplify  the  analysis  of  cases 
and  to  reproduce  forensic  casework.  This  method  differs 
from  those  reports  which  compared  the  immunoreactivity 
of  the  injury  with  a  sample  of  intact  skin  taken  from  a  dif- 

n  i  a 

ferent  location  of  the  same  body.  ’ 

The  immunoreactivity  of  the  vascular  endothelium  for 
P-Selectin  cannot  be  considered  a  specific  marker  of  vital¬ 
ity.  Our  post-mortem  wounds,  which  were  obtained  in 
the  first  hours  following  death  (mean:  6  h),  have  shown 
immunostaining  as  if  it  were  a  supravital  phenomenon. 
This  expression  of  P-Selectin  could  be  correlated  with  prior 
descriptions  of  intravascular  accumulation  of  white  blood 
cells  and  even  migration  and  tissue  infiltration  that  may 
be  induced  post-mortem  during  the  supravital  period.  ’  ’ 

Although  autolysis  and  putrefaction  have  not  eliminated 
immunostaining  for  P-Selectin  and  CD31,  microscopic 
evaluation  becomes  difficult  and,  in  some  cases,  impossible. 
Poor  fixation  may  cause  the  decomposition  of  proteins 
with  an  alteration  of  their  antigenic  structure,  causing 

A  O  ^ 

reduced  reactivity  or  enhanced  background  staining.  5 
These  artifacts  of  the  immunohistochemical  technique,  in 
addition  to  those  directly  produced  by  autolysis  and  putre¬ 
faction  (destructuring,  fragmentation  of  tissues)  make  the 
histological  interpretation  of  these  cases  very  difficult, 
and  the  quantitative  evaluation,  almost  impossible.  This 
should  be  kept  in  mind  since  such  circumstances  are  not 
rare  in  forensic  casework.  In  general  our  data  have  pointed 
out  the  difficulties  to  apply  immunohistochemistry  to  the 
diagnosis  of  vitality  in  real-life  cases.  Not  only  immunohis¬ 
tochemical  techniques  are  not  always  accessible  but  also 
may  have  problems  of  sensitivity  and  specificity  as  seen 
in  previous  reports.8  10  The  results  are  dependent  on  fixa¬ 
tion  of  the  tissue,  method  of  antigen  retrieval  and  chosen 
antibody,  and  interpretation  may  be  difficult  or  subjec- 
tive.  These  factors  explain  the  disparity  of  results  in  the 
literature,  and  it  has  been  recommended  when  evaluating 


a  case  to  consider  only  positive  reactions  and  to  analyze 
more  than  one  marker.  With  regard  to  selectins  there 

n  i  z' 

are  only  a  few  reports  ’  and  their  application  seems  to 
be  difficult  in  practice. 

In  conclusion,  the  analysis  of  P-Selectin/CD31  immuno¬ 
reactivity  in  skin  wounds  was  not  useful  for  the  diagnosis 
of  vitality  when  evaluating  both  edges  for  each  specimen. 
Moreover,  P-Selectin  has  been  detected  in  post-mortem 
injuries  and  it  is  not  specific  to  vital  injuries.  Autolysis 
and  putrefaction  do  not  eliminate  immunoreactivity,  but 
the  presence  of  artifacts  is  of  such  importance  that  it 
greatly  impedes  microscopic  evaluation.  A  limitation  of 
our  study  could  be  that  our  post-mortem  samples  may 
not  represent  real-life  cases  because  the  injuries  were  intro¬ 
duced  to  post-mortem  tissue,  rather  than  inflicted  in  ante¬ 
mortem  tissue  and  studied  in  post-mortem  samples,  and 
complementary  experiments  on  this  type  of  case  material 
should  be  undertaken. 
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